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SUMMARY  ANN'tlAI.  I'ROCRliSS  Klil^URTS 
VI;ARS  1‘)U7-1\)7A 


ik's;  i n n i n A ■ " 1M()7  with  I he;  support  of  this  contract,  we 
Were  able  to  isolate  in’  IJliAi;  cellulose  chromatograpliy  a su[)pressive 
a I pha  jt  1 olui  1 i 11  rractioii  I rom  normal  human  plasma.  We  called  this 
fraction  i mmuno  re  jpi  1 a t o rv  a 1 phaglob  u 1 i ii  flRAJ  because  it  supiirtsseJ 
a wide  variety  of  cellular  immune  responses  in  a number  of  animal 
species.  ibis  first  work  was  essentially  a confirmation  of  the 
I'arlier  reports  of  Mowbray  who  had  obtained  similar  material  from 
bovine  serum.  I'lie  human  IRA  we  had  obtained  suppressed  the  re- 
jection ol  skin  alloi;rafts  in  both  rabbits  and  inbred  mice  (.see 
(.Miclosed  b I b 1 i i)  y i-aiili  V ) . Ke  also  found  that  this  material  would 
suppress  in  Die  stimulation  of  normal  human  perijiheral  blood 

Iv'iiiphocytes  by  mitoyeiis  and  specific  anti'  o which  tile  lympho- 

cyte donor  had  become  sensitized.  The  suppressive  a 1 ph agl ob u 1 i n 
material  was  qtiite  he ! e ro.^eiieous  by  electrophoresis,  was  not  des- 
troyed bv  heatiny  at  di/'c.  aiui  was  apparently  non  toxic  to  a 
variety  of  mammalian  cells  i_n  v^i J_r o as  indicated  by  Trypan  blue 
dye  ext  I us  i on  . It  ,ilso  hail  no  evident  toxic  effects  on  ex[ieri 
me n t a 1 am  ina  I s . 


Wi>  iiovt  found  that  1 RA- 1 i ke  activity  was  contained  in  t'.olin 
fiuv.tion  IV'  a l)>product  of  commerical  blood  fractionation 
1 abo  ra  t o r 1 e s . Ibis  t'.ohn  I'raction  IV  was  then  used  as  the 
.l.iit  1 n q material  for  future  experiments  designed  to  characterize 
the  a t 1 ve  fraction  contained  in  the  IRA.  Over  the  succeediti.g 
thiee  ioars  we  were  able  to  show  that  IRA  inhibited  the  plaque 
fotiiiinc.  ell  ri"'Uonse  mice  to  sheeji  red  blood  cells  (SRBCj  when 


administered  prior  to  i lie  injection  of  antigen.  It  inliibited 
lioth  the  [u'iiuary  and  secondary  responses.  IRA  was  found  to  he 
totally  ineffective  if  injection  followed  the  antigen.  We  discovered 
that  IRA  inhibition  of  peripheial  blood  lymphocytes  j_n  vi  t ro  could 
he  entirely  eliminated  even  after  Ub  hours  exposure  of  the  cells  to 
IRA  if  tliev  were  waslinl  thoroughly  and  then  tested  for  stimulation, 
fhus,  it  appeared  tliat  IRA  did  not  irreversibly  affect  lymphocyte 
function  hut  appeared  to  act  in  ;i  reversible  fashion  most  likely 
on  the  celt  membiane  as  indicated  by  its  ability  to  prevent  f cell 
rossette  formation  and  lecognitlon  of  antigen.  We  were  also  able 
to  show  tliat  IRA  had  no  ellect  u[)on  H cell  responses  as  indicated 
by  its  failure  to  inhibit  the  ))lacjue  forming  cell  response  to 
li.  CO  1 i 1 1 popo  1 y ■- a cc  h r i tl(>  11.15:110.  IRA  also  liad  no  effect  on  B cell 
( liAf  ) rossette  to  rma  t i on  by  human  peripheral  blood  1 ymptiocy  tes  . 
However,  IRA  did  effei  t lymphokine  j)  reduction  by  lymphocytes  as 
indicated  by  it:-,  inhibitory  effect  Ml  F production  by  sensitized 
guinea  pig  peiitoneal  lymphocytes  e\])osed  to  specific  antigens. 

IRA  had  no  effect  on  macrophage  immobilization  once  MM  was  i)resent 
in  the  macrophage  cni  tori'  medium,  however. 

In  l'.)7ti  during  ;ittem])ts  to  purify  IRA  protein  we  discovered  while 
we  could  concentrate  activity  in  smaller  and  smaller  fractions  by 
gel  filtration  aiul  ion  exchange  chromatography  the  specific  activity 
of  the  final  mateiial  was  often  no  greater  than  that  of  the 
starting  material.  We  then  looked  at  our  iirocedurps  and  discovered 
that  fractions  at  e.u  h step  had  been  purified  by  dialysis, 
liarlp'r  experiments  had  shown  that  at  neutral  pH  dialysis  of  IRA 
[irolctn  laileil  to  remove  .any  detectable  activity.  However,  we  had 
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comliulcJ  a numhi'i'  of  cliroma  tog  rai)l\  i c experiments  at  p/l's  in  t)ie 
aoiil  range  and  Jiseovered  tliat  at  acid  i>H  low  molecular  weight 
material  containing  IRA  activity  was  lost  during  dialysis.  In- 
vestigation of  this  finding  in  detail  yielded  evidence  that 
the  majority  ot  aetivity  detectable  iii  IRA  protein  could  be 
recovered  as  a i>o  1 y pe[)  t i ile  fraction  of  less  than  lU.OOL)  daltons 
following  ac  i d i f i cat  ion  of  the  itrotein  and  ul  t ra  f i 1 t rat  i on  on 
appropriate  sized  membianes  or  dialysis.  We  tlien  further 
clia  rac  t e 1' i zed  the  active  itejitide  fraction  and  found  that  it  con- 
tained no  detectable  sugar  or  nucleic  acid.  It  was  not  affected 
by  lipid  solvents  and  contained  no  cortisol  or  prostaglandins. 
Chemically  the  material  appeared  to  he  entirely  polypeptide  as 
determined  by  the  quantitative  Biuret  test.  We  found  that  i.h\- 
[leptide  would  perform  biologically  in  a fashion  entirely  similar 
to  IRA  protein.  this  included  inhibition  of  skin  allograft  re - 
lection  in  mice,  inhibition  of  immunity  to  experimental  tumois 
in  mice,  inhibition  oi  kidney  allograft  rejection  in  rats  and 
inhilMtion  1'  lympliocyle  activation  j_n  vitro  in  mice  and  in  man. 

Over  the  years  I 'J  7 1 )u7l  we  made  a niimhor  of  unsuccessful 
atteinjits  to  obtain  pure  IRA-peptide  by  repeated  gel  filtration  and 
ion  exchange  co  I timn  ch  roma  t og  raphy  . The  active  fractions  obtained 
at  the  end  of  siicli  iirocediires  were  always  heterogeneous  by  high 
voltage  e 1 ec  t roidio  las  i s . The  same  failure  obtained  when  we 
attempted  to  purify  (his  material  by  po  lyacrylami  de  e 1 ect  roplio  res  i s . 
In  tiie  analytical  ii  I t raceii  t r i fuge  the  active  IRA-peptide  j)  reparat  i on  s 


-4 


obtained  bs  I'.c  I lilt  rat  ion  moved  as  a single  peak  with  sedi  men  tat  i on 
eoe  tile  lent  oi  aj)p  ro  x i iiia  i e 1 y 0 . . 

Ue  have  also  attempted  several  times  to  make  antibody  to  IKA- 
peptide  in  the  rabbit  by  coupling  this  material  to  rtibbit  serum 
albumin  liy  the  ca  rbod  i im  i de  method.  We  have  obtained  antibody  which 
will  react  witli  crude  lltA-peptide  coupled  to  rabbit  serum  albumin 
in  gel  delusion  assays,  liowever,  tltis  antibody  has  apparently 
minimal  reactivity  to  tlie  active  IRA  preparation  and  will  remove 
little  of  the  IRA  activity  from  imimre  p rejtarat  ions . 

In  the  iy'i’.i-197  1 grant  year  we  began  a study  of  approximately 
1(1  patients  who  were  subjected  to  various  degrees  of  trauma  including 
surgery  aiul  burns.  Wi>  liave  found  that  approximately  (>U“b  of  the 
entire  group  ol  trauma  ptitients  have  immunosuppressive  serum,  de- 
fined as  serum  wh  i >.h  will  inhibit  by  50%  or  more  the  j_n^  v i t ro 
stimulation  of  normal  human  peri[)heral  blood  lymphocytes  by  optimum 
doses  of  pli  y t ohe  ma  g 1 11 1 i n i n ( I’llA)  when  compared  with  normal  human 
serum  or  autologous  serum  obtained  from  tlie  lymphocyte  donors. 

I'lie  i miiiuiiosii|)press  i vi‘  aitivity  in  trauma  patient  serum  docs  not 
appear  to  be  t.auseil  In'  anesthestic  agents  since  patients  undergoing 
general  anesthesia  lor  minor  lurgery  do  not  develop  suppressive 
serum  and  many  t la  iima  t i Je  d in'  septic  patients  have  s u|tp  re  s s i ve  Scriini 
wiihoul  receiving  am  anesthesia.  The  suppressive  activity  also 
did  not  corrc'late  with  barbituate  or  with  (.ortisol  levels  in  the 
.e  >11111  of  tiu'se  individuals.  Ive  fractionated  the  serum  of  sevei.il 
ol  these  iiulividual:  by  Dl.Af:  cellulose  chromatography  and  found  that 

tin-  maiority  >)  I the  i mmunos  iijip  res  s i ve  activity  was  recovered  in  the 
fir  ! protein  peak,  whereas  i miinuios  upp  re  s s i ve  activity  in  the  serum 


o r fioimal  i.itiinl  • i .s  ji' I'O  vi‘ ro  d in  later  a 1 phag  1 ob  ul  i n - r i ch  peaks. 

We  have  also  I’ound  tiuil  llie  immunosuppressive  activity  containeil 
in  l\-ak  I [)rotein  I'rom  trauma  serum  can  be  recovered  as  a peptide 
Tract  ion  oT  less  tban  lO.OUO  molecular  weight  ai'ter  di  af  i 1 1 ra  t i on  . 
This  peptide  is  ap[jaiiMitly  eitlier  unbound  or  loosely  bound  to  the 
[irotein  in  I’eak  1.  The  peptide  obtained  by  di  a f i 1 1 rat  ion  is  very 
iiigl\ly  suppiessive  o ('  T 1 ymjiliocy  te  Tunc  t ion  both  i_i^  v i vo  and  i_n 

y^it_ro^ It  appears,  t lie  re  To  re  , that  patients  who  have  l)een  recently 

traumatized  have  high  levels  of  a circulating  i mmunos  ujip  res  s i ve 
peptide  Ti\Ktion  which  aiijiears  to  be  similar  to  IRA-peptide.  This 
trauma  [leptide  has  also  been  investigated  chemically  and  has  been 
Tound  to  be  entirely  comiiosed  of  polypeptide  as  far  as  can  be  di'tc-r- 
mined  by  the  c|uan  t i ta  t i ve  Biuret  test.  The  presence  of  nucleic  ac  i 
and  carbohydrate  has  been  ruled  out  by  standard  chemical  tecliniques 
aiul  no  cortisol  is  present  as  determined  by  the  competitive  jirotein 
binding  assay.  .Similarly,  the  trauma  peptide  contains  no  prosi.i- 
t’ land  ms  til  and  bJ  as  determined  by  radioimmunoassay. 

It  thu'.  ap|>ears  likely  that  following  major  trauma  or  burns  .i 
subsiaiiti.il  nuiubei'  of  jiatients  develop  immunosuppressive  serum 
which  inhibit-.  T lymphocyte  function.  The  immunosuppressive 
activity  in  mkIi  serum  is  apparently  largely  contained  in  a 
peptidi'  Traction  resembling  IRA-peptide  Tound  in  trace  amounts  in 
iionn.il  seiiiiii.  I raiima  --erum,  however,  contains  from  five  to  ten 
time.,  by  weiglit,  thi'  amount  of  IRA-like  activity  in  normal  serum. 
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